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Strongyle nematodes constitute the most important group of helminths in horses.  In
this PhD project, based on five separate studies,  the overall  aim was to investigate  the
present  parasite  status  of  horses  in  Sweden  and  to  determine  the  efficacies  of  the
commonly used anthelmintics. It is hoped that the results will serve as a foundation for
the development of relevant control strategies in horse establishments.
In a national survey strongyle nematodes were found to be ubiquitous  in  Sweden,
and it was established that young horses on  studs  had  the  highest  faecal output  of
strongyle eggs. Furthermore, horses in the south of the country shed more eggs than
those in the central and northern parts. Eggs from the pathogenic species Strongylus
vulgaris were identified in 14% of 110 farms investigated.
In a subsequent study,  the prevalence and species  composition  of small strongyles
were investigated in 27 horses  on a stud  in southern  Sweden. Following  anthelmintic
treatment, worms expelled in faeces were collected  and identified  to the species  level.
In  addition,  the  expulsion  method  was  evaluated.  Fifteen  species  of  the  tribe
Cyathostominea were documented for the first time in  Sweden. The mean  number  of
species per horse was nine.
The  presence  of  anthelmintic  resistance  in  populations  of  small  strongyles  was
investigated  in  two  studies  using  different  detection  methods,  namely  the  larval
development assay (LDA) and the traditional  faecal egg count  reduction  test (FECRT).
In the first of  these  studies,  it  was concluded  that  LDA was not  a reliable  tool  for
routine  monitoring  of  horse  establishments.  This  was  due  to  difficulties  in  data
interpretation and inexplicable  variation  in the development  of parasite  larvae within
and between assay plates. The latter study  revealed that  benzimidazole  resistance  was
widespread despite  a low use of these drugs  for the past 20 years. Moreover, the first
case of pyrantel resistance in Sweden was documented.
Finally,  a  questionnaire  study  on  parasite  control  practices  on  Swedish  horse
establishments was performed. Most respondents were  concerned  about  anthelmintic
resistance, although they considered parasites to  be  a minor  problem  in  their  horse
establishments. The survey highlighted the need for changes in  routines  in  order  to
slow the spread of anthelmintic resistance.
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resistance, ivermectin, pyrantel, fenbendazole, control practices
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Förekomst och kontroll av blodmaskinfektion hos hästar i
Sverige
Hästar  är  värddjur  för  ett  stort  antal  parasitära  maskar  (helminter),  varav
blodmaskar, eller så kallade strongylida maskar, utgör den viktigaste gruppen. I
denna doktorsavhandling har förekomst och utbredning  av  blodmaskinfektion
studerats hos svenska hästar. Vidare har artsammansättning och effekt av olika
avmaskningsmedel (anthelmintika) undersökts i populationer av små blodmaskar,
s.k. cyathostominer. Även  en  enkätstudie som  belyste  hur  hästägare upplever
parasitproblem och vilka åtgärder de vidtar för att förebygga parasitinfektioner hos
sina hästar genomfördes.
Syftet med den första delstudien var att undersöka frekvensen av blodmaskägg i
träckprov  från  svenska  hästar.  Träckprov  från  1183  hästar  vid  110  stall
analyserades varvid antalet blodmaskägg per gram träck (EPG) fastställdes och
följande faktorers inflytande på äggutskiljningen undersöktes: a) region i landet, b)
typ av besättning, c) hästarnas ålder, d) avmaskningsmedel. Det visade sig att den
genomsnittliga äggutskiljningen var högst i södra Sverige. Vidare hade hästar på
stuterier ett högre genomsnittligt EPG än hästar på andra typer av gårdar. Unga
hästar hade högre EPG än äldre; 2-3 år gamla hästar utskiljde flest ägg. Vi  fann
inga signifikanta skillnader i EPG beroende på antalet veckor som förflutit sedan
senaste avmaskning. Däremot hade hästar  som  avmaskats  med  ivermektin  i
genomsnitt lägre EPG än hästar som avmaskats med pyrantel. Totalt hade 14% av
de undersökta besättningarna en  eller  flera hästar som  utskiljde  ägg  av  stora
blodmasken, Strongylus vulgaris.
I den nästkommande studien undersöktes vilka arter  av  cyathostominer  som
förekom hos 27 unga hästar vid ett stuteri i Skåne. Metoden som användes gick ut
på att driva ut maskar från tarmen med hjälp  av  avmaskningsmedel. Hästarna
delades in i tre grupper som  avmaskades med  ivermektin,  pyrantel respektive
fenbendazol. Under 3 dygn tillvaratogs all avföring som producerades av hästarna.
Delprov från varje häst undersöktes under lupp och maskar samlades för att senare
artbestämmas. Totalt identifierades 15 arter av cyathostominer. De sex vanligaste
arterna (Cylicostephanus longibursatus, Cylicocyclus  nassatus,  Cyathostomum
catinatum, Cylicocyclus leptostomus, Cylicostephanus minutus och C. calicatus)
utgjorde >90% av den tillvaratagna populationen.  I  genomsnitt  var  varje häst
infekterad med nio arter. Majoriteten av maskarna tillvaratogs under första dygnet
efter  ivermektin-  och  pyrantelavmaskning  och  under  det  andra  dygnet  efter
avmaskning med fenbendazol.
Den tredje studien syftade dels till att  undersöka förekomsten av anthelmintika-
resistens hos små blodmaskar och dels till att utvärdera  en  larvutvecklingstest
(LDA) som primärt utvecklats för resistensundersökning av fårparasiter. Fördelen
med LDA jämfört med det traditionella testet (faecal egg count reduction test,
FECRT) är att träckprov från endast ett tillfälle krävs. Med LDA kan  mandessutom undersöka förekomst av resistens mot flera avmaskningsmedel. Antalet
EPG bestämdes i träckprov från hästar vid 70 besättningar. Endast besättningar där
ägg kunde påvisas undersöktes sedan med larvutvecklingstestet. Åtta gårdar fick
uteslutas  innan  dataanalysen,  bland  annat  på  grund  av  bakterieöverväxt på
testplattorna. Resultat erhölls från 54 gårdar. Tyvärr var resultaten svårtolkade och
slutsatsen från denna studie var att testet inte var tillförlitligt för rutindiagnostik
av resistens hos hästens små blodmaskar.
En FECRT genomfördes sedan i 26 större besättningar. Målet var alltjämt  att
undersöka förekomsten av anthelmintikaresistens. Utifrån ålder och EPG indelades
hästarna på varje gård i tre behandlingsgrupper som avmaskades med ivermektin,
pyrantel respektive fenbendazol. Träckprov togs i samband med avmaskning samt
efter  7,  14  och  21  dagar.  Den  genomsnittliga  reduktionen  av  antalet  EPG
bestämdes därefter för varje behandlingsgrupp. Ivermektin visade sig ha god effekt
på samtliga gårdar medan resistens mot  fenbendazol förekom hos  73%  av  de
undersökta gårdarna. Pyrantelresistens dokumenterades för första  gången  i  en
svensk besättning. I denna studie artbestämdes också små blodmaskar som  var
misstänkt resistenta mot fenbendazol eller pyrantel.
I projektets sista studie undersöktes avmasknings- och betesrutiner med hjälp av
en  enkätstudie  som  innehöll  26  frågor.  Enkäten  skickade  till  627
hästägare/tränare/ridskolechefer  som lottats ut bland försäkringstagare i Agria samt
från olika medlemsförteckningar. Svarsfrekvensen var överlag hög (71%). Praktiskt
taget alla respondenter (99,5%) avmaskade sina hästar minst en gång per år. När
det gällde användning av anthelmintika framgick det av studien att  styngflugan
(Gasterophilus intestinalis) har stor betydelse för val av tidpunkt för avmaskning
och för preparatval. Således användes makrocykliska  laktoner,  till  exempel
ivermektin, i hög utsträckning på hösten. Dessutom ansågs sen höst  vara den
viktigaste tiden på året för avmaskning. Trots att  72% av respondenterna aldrig
hade upplevt några parasitproblem hos sina hästar ansåg de flesta ändå att resistens
mot avmaskningsmedel är ett angeläget problem. Studien lyfte fram behovet av att
modifiera vissa kontrollrutiner för att förlångsamma spridningen av resistens. Hos
alla kategorier av respondenter framkom det att praktiserande veterinärer har en
central roll som  rådgivare i  parasitfrågor. Därför bör  man  eftersträva ett  ökat
samarbete mellan parasitologer och kliniskt verksamma veterinärer.VISHET
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Anthelmintic  drug with efficacy against parasitic worms
AR  anthelmintic resistance
BZ  benzimidazole (an anthelmintic)
EPG  number of eggs per gram of faeces
ERP  egg reappearance period
FBZ fenbendazole (an anthelmintic)
FEC  faecal egg count
FECR  faecal egg count reduction (percentage)
FECRT faecal egg count reduction test (in vivo test for AR)
Ig  immunoglobulin
IGS  intergenic spacer of ribosomal DNA (rDNA)
ITS-1 and ITS-2  first and second internal transcribed spacer of rDNA
IVM  ivermectin (an anthelmintic)
L1-L5  larval stages in the life cycle of nematodes
Larval inhibition temporary cessation of larval
development in the host
Larval migration certain species have larval stages that
migrate in the body before they settle in their final site
LC  lower 95% confidence limit
LC50 value  the concentration that prevents 50% of the eggs
  developing to the L3 stage
LDA  larval development assay (in vitro test for AR)
LEV  levamisole (an anthelmintic)
PCR  polymerase chain reaction
Prepatent period  time from infection until eggs are detectable in faeces
PYR  pyrantel (an anthelmintic)11
Introduction
 “Utaf alla de djur, som äro underkastade menniskjans Herrawälde, är Hästen utan
twifwel det ädlaste och mäst wärdt wår omsorg; ty hwars tjenst är oss mera nyttig
och angenäm än en del andra” (Of all animals submitted to human domination, the
horse is doubtless the most noble and deserves the most care; since its service to
us is more useful and pleasant than others) wrote Peter Hernquist (1726-1808), the
founder of the first veterinary school in Sweden.    This  statement  reflects the
prominent position of the horse in society in  the 1700s.  Horses were the main
means of transport, both in the army and for civil transport, until industrialisation
and the establishment of railways. During the Second World War the horse still
had a central position for smallholders in Sweden, and the estimated number of
horses in the 1940s was 600,000, most of  which  were cold-blooded working
horses (Bengtsson, 1993).
There is a current increase in the number of horses in Sweden. Today, there are
250-300,000 horses, of which the great majority are leisure and sports horses. The
Swedish horse sector has an annual turnover of approximately 20 billion SEK, of
which 50% is attributed to gambling (Anonymous, 2004). It is primarily within
the trotting discipline that gambling is of significance. Furthermore, horse riding
is the greatest sport practised by girls and women, and there are approximately 900
riding clubs in Sweden. Since horses are so popular in Sweden, they are of major
veterinary importance. Indeed, in some regions they are the major source of calls
to veterinarians. Therefore, an understanding of the parasitological problems and
appropriate prevention methods is of significance. This thesis addresses the role of
strongyle nematodes in the Swedish horse industry.
Background
Strongyle nematodes of the horse
The horse is host to a great number of gastrointestinal parasite species, of which
nematodes of the family Strongylidae, commonly called strongyle nematodes or
strongyles, are the most important. These parasites are ubiquitous and  live  as
adults in the large intestine of equids. Strongyle nematodes also occur in  other
domestic livestock, for example Chabertia ovina in sheep and Oesophagostomum
spp. in ruminants and pigs. The main characteristic feature of strongyle nematodes
is a well-developed buccal capsule, the shape and size of which are important for
species identification. Strongyle nematodes of equids (horse, donkey, zebra) are
classified into  the  subfamilies  Strongylinae  and  Cyathostominae,  sometimes
categorized as large and  small  strongyles,  respectively. Within  the  subfamily
Cyathostominae, virtually  all  species  parasitizing  horse  belong  to  the  tribe
Cyathostominea. In 2001, the recommendation to use the term cyathostomins as a12
common name for members of the tribe  Cyathostominea was  adopted by  the
World Association for the Advancement of Veterinary Parasitology (Lichtenfels,
Gibbons & Krecek, 2002).
In 1780,  the first strongyle nematode, Strongylus equinus, was described by
Müller (Lichtenfels, 1975), and during the  following  century descriptions and
naming of several strongyle species were published. In the definitive monograph
by Ralph Lichtenfels  (1975),  56  species of  strongyle  nematodes of  domestic
equids were described in detail. Since then the classification of these parasites has
undergone some revision, partly due to  the development of modern molecular-
based techniques. These techniques have  opened the  door  for  studies  on  the
molecular relationships between species. Research groups,  mainly  in  Australia
(Hung et al., 2000) and the UK (McDonnell et al., 2000), are currently working
on  establishing  the  phylogenetic  relationships  of  the  two  subfamilies.  By
comparing  DNA  sequences  it  has  been  shown  that  the  genera  with  small
cylindrical buccal capsules are likely to have evolved from those with large buccal
capsules (Hung et al., 2000).
Morphology
Nematodes have a cylindrical form, and the body is covered by a colourless layer,
the cuticle. The digestive system includes the mouth, the oesophagus and  the
intestinal tube, which terminates in an anus in females and a cloaca in males. The
female reproductive organs comprise ovary, oviduct and uterus, whereas in the
male this comprises the testis and a vas deferens. The males also posses accessory
organs – the most significant being the spicules and the gubernaculum. These
organs are essential for species identification of ruminant trichostrongyloids, but
are of less importance for the identification of horse strongyles.
The morphological differentiation of the strongyle species of horses is primarily
based on characteristics of the cephalic end (head) of the worm (Lichtenfels, 1975)
(Fig 1). The buccal capsule is  well-developed. Many strongyles have a distinct
thickening that extends dorsally in the buccal capsule, the so-called dorsal gutter.
A mouth collar, which  is  part  of  the  cuticle,  surrounds the  mouth  opening;
sometimes it contains sub median and lateral cephalic papillae. On the anterior
edge of the mouth  collar leaf-like structures, so-called leaf crowns, are formed.
Usually there are two such crowns, the external and the internal, with the internal
being located distally to the external. Some genera have a unique structure called
the extra-chitinous support for the external leaf crown, which is a sclerotized ring
anterior to the buccal capsule.13
Fig. 1. Head of Coronocyclus coronatus (schematic drawing to the left; photo  x 200  to
the right).  The schematic  figure  shows  some  of  the  characteristics  used  for  species




The species of Strongylinae have large spherical or funnel-shaped buccal capsules,
often containing some kind of teeth  at  the  base.  The  genera included  in  the
subfamily Strongylinae are: Strongylus (Müller, 1780), Oesophagodontus (Railliet
& Henry, 1902), Triodontophorus (Looss, 1902),  Craterostomum (Boulenger,
1920) and Bidentostomum (Tshoijo, 1957). In the future there may be a revision of
the current systematics of the subfamily, as phylogenetic studies have indicated
that Oesophagodontus  robustus,  Triodontophorus  spp. and  Craterostomum
acuticaudatum are more closely related to the subfamily Cyathostominae (Hung et
al., 2000).
Strongylus, the most studied genus, encompasses four species: S. edentatus, S.
equinus, S. vulgaris and S. asini. The latter has been isolated only from the zebra
and the donkey. The length of these nematodes varies from 20-45 mm, and they
are fairly stout. The buccal capsule is globular, and for S. equinus, S. vulgaris and
S. asini it contains prominent teeth that are characteristic of the different species.
Oesophagodontus consists of the single species O. robostus, which is considered
to  be  rare  (Lichtenfels,  1975).  Seven  species  belong  to  the  genus
Triodontophorus, all equipped with three pairs of large teeth extending into  the
buccal capsule. Craterostomum, the smallest of the large strongyles, consists of
only two rare species, of which C. acuticaudatum occurs worldwide (Lichtenfels,
1975). The genus Bidentostomum with  one species, B.  ivaschkini, is  the latest
addition to the subfamily (Lichtenfels, 1975; Lichtenfels et al., 1998).
Cyathostominae
The buccal capsule of cyathostomins is short, cylindrical or annular and the worms
are generally smaller than the large strongyles, although some species within the
genus Cylicocyclus may reach 25 mm in length. A number of studies  on  the
prevalence  of  the  cyathostomins  throughout  the  world  are  based  on  the
morphological keys by Lichtenfels (1975). Here he described 41 species, assigned14
to the following eight genera:  Caballonema  (Abuladze, 1937),  Cyathostomum
(Molin,  1861),  Cylicocyclus (Ihle, 1922), Cylicodontophorus (Ihle, 1922),
Cylicostephanus (Ihle, 1922), Cylindropharynx (Leiper, 1911), Gyalocephalus
(Looss, 1900) and Poteriostomum (Quiel, 1919). However, Hartwich (1986) later
revised the systematics of the cyathostomins and reorganised some of the species
into two new genera: Coronocyclus (Hartwich, 1986) and  Parapoterostomum
(Hartwich,  1986).  Moreover,  the  genus  Petrovinema  (Ershov,  1943)  was
resurrected, whereas  Gyalocephalus was  placed  separately  from  the  tribe
Cyathostominea. In the checklist published in 1998 (Lichtenfels et al., 1998),
three additional genera that had been acknowledged by Dvojnos and Kharchenko
(1994) were included: Hsiungia (K’ung & Yang, 1964), Skrjabinodentus (Tshoijo,
in Popova, 1958) and Tridentoinfundibulum (Tshoijo, in  Popova,  1958). Thus,
within  the  tribe  Cyathostominea  there  are  currently  13  genera  recognised,
comprising 52 species and one subspecies in equids. Cylicocyclus asinus in  the
donkey is the most  recently described species (Lichtenfels, Gibbons &  Krecek,
2002; Matthee, Krecek & Gibbons, 2002). To date, 11 of the 52 species have been
recorded exclusively in donkeys and zebras.
Life cycles
Strongylus spp.
The life cycles of the Strongylus species are direct, but are somewhat complicated
as they involve somatic migrations of larval stages. The prepatent periods (the
time from infection until eggs are detectable in faeces) for members of this genus
vary from 6 months (S. vulgaris) to 10-12 months (S. edentatus) (Urquhart et al.,
1996).
So-called verminous aneurysms in the arteries caused by S. vulgaris larvae have
been recognised for a long time. In 1949 it was reported that 90% of the horses
autopsied in  Sweden  had  such  aneurysms (Brinck,  1949).  Although  different
theories had been proposed for how the larvae migrate to  the mesenteric arteries
(Popova,  1955),  details  of  the  life  cycle  remained  vague  until  experimental
infections of foals were carried out in the 1960s and 1970s. The  following
developmental cycle for S. vulgaris was suggested by Duncan and Pririe (1972):
The third stage larvae (L3) on pasture, still enclosed in the cuticle of the second
stage (L2), are ingested by grazing horses. The larvae exsheath and penetrate the
mucosa of the small and large intestine within a few days. During the following
week the larvae moult to the fourth stage (L4) and enter  the  lumen  of  small
arterioles of the intestine. The L4s migrate up the arterial tree against the blood
flow, and by 14-21 days they reach the cranial mesenteric artery, where they grow
considerably in size for a period of 3-4 months before they moult to the fifth stage
(L5). The L5s exsheath, and with the blood flow the young adults return down the
mesenteric arteries to the wall of the caecum and colon, where they encapsulate in
the subserosa, forming nodules of 5-8 mm in diameter. Eventually these nodules
rupture and the young adults are released into the lumen of the large bowel. After
another 6-8 weeks in the gut lumen the young adults have developed into sexually
mature worms. Occasionally lesions elsewhere in the arterial system occur owing
to aberrant migration of larvae.15
Cyathostominae
The life cycles of the individual cyathostomin species are  still  not  known  in
detail, and hence the route presented here is currently assumed to be applicable for
all members of the subfamily. The ingested L3s exsheath in  the small  intestine
before they enter the glands of Lieberkühn in the caecum and colon. In the base of
these glands  the  larvae penetrate the  mucosal  layer,  where they  subsequently
become enclosed by fibroblasts that form capsules. Some species, for example the
large species C. insigne prefer to burrow deeper into  the  submucosa,  whereas
smaller species such as C. longibursatus stay in the mucosa (Ogbourne, 1978). In
the wall of the large intestine the L3s moult to L4s. At some point the L4s break
out of the capsules and enter the gut lumen (Fig 2), where the fourth moult takes
place. The adult worms  appear to  have  different site  preferences in  the  large
intestine depending on species (Ogbourne, 1978).  Interestingly, the  adults  are
usually  found  in  an  anatomic  location  distal  to  the  preferred site  of  larval
development. Thus, it appears that cyathostomins migrate  posteriorly  during
maturation.
Fig. 2a) Cyathostomin fourth stage larvae (L4) encysted in the intestinal mucosa; b) L4
larva entering the intestinal lumen from the  mucosa.  (Photo:  B. Ekberg, SVA and  J.
Höglund, SLU)
A proportion of the early stage larvae  (EL3)  will  temporarily  cease  their
development in the mucosa/submucosa (Eysker, Jansen &  Mirck,  1984).  This
inhibited condition is considered to be a normal part of the life cycle (Coles et al.,
2003), and it may last for a prolonged period of time. Gibson (1953) demonstrated
that inhibited larvae still could resume development in stabled horses after three
years. Larval inhibition is a common phenomenon in nematode parasites  of
domestic  livestock.  Nevertheless, it  is  not  known  which  factors  initiate  the
process. For nematodes of ruminants, experimental infections have indicated that
host  immunity,  population  size  and  seasonal  conditioning  of  larvae  are  all
important (Armour & Duncan, 1987; Eysker, 1997a). These factors have also been
discussed as potential triggers for cyathostomin larvae. Both in cattle and horses
in the Northern Hemisphere it has been shown that the proportions of inhibited
larvae are greater in the cold season, when the conditions on pasture are harsh for
2a 2b16
the infective larvae (Armour &  Duncan, 1987;  Eysker, Boersema &  Kooyman,
1990; Collobert-Laugier et al., 2002).
The prepatent period for cyathostomins is generally 2-3 months, although it
varies depending on larval inhibition (Urquhart et al., 1996). Also, the age of the
horse seems to have an impact on the prepatent period, as it has been shown that it
is longer in old horses than in helminth-naïve foals (Smith, 1978). The average
prepatent period observed in a Scottish study of naturally infected horses was 54-
62 days (Love & Duncan, 1992b).
Prevalence
The three Strongylus species that infect horses are common throughout the world,
particularly S. vulgaris, which is also recognised as the most pathogenic species of
the  large  strongyles.  However,  thanks  to  the  widespread  use  of  modern
anthelmintics (deworming  drugs),  the  occurrence of  S.  vulgaris has  greatly
decreased in recent decades (Herd, 1990). In herds where anthelmintics have not
been used to control parasites, the prevalence has remained high (Gawor, 1995).
Virtually all grazing horses are infected with cyathostomins. A great proportion
of  the  total  burden  consists  of  larval  stages  in  the  intestinal  mucosa  and
submucosa. The number of cyathostomins in the gut lumen may vary from a few
thousand to more than 1,200,000 (Ogbourne, 1975a). Commonly, 90% of the
adult worms are distributed throughout the  dorsal  and  ventral colon,  and  the
remaining  10%  are  found  in  the  caecum  (Reinemeyer, 1986;  Gawor,  1995;
Collobert-Laugier et al., 2002).
Although more than 40 cyathostomin species may infect the horse, prevalence
studies worldwide have shown that  the  great  majority  of  the  cyathostomin
populations within horse herds are composed of fewer than 10 species (Ogbourne,
1976; Reinemeyer et al., 1984; Torbert et al., 1986; Krecek, Reinecke & Horak,
1989;  Mfitilodze  &  Hutchinson,  1990;  Gawor,  1995;  Silva et al.,  1999;
Lichtenfels et al., 2001). Typically, one horse is infected with 5-10 of  the
common  species  (Lichtenfels,  Gibbons  &  Krecek,  2002).  Cylicostephanus
longibursatus, Cylicocyclus nassatus  and Cyathostomum catinatum have  been
reported to be the three most  common species (Anderson &  Hasslinger, 1982;
Reinemeyer et al., 1984;  Mfitilodze &  Hutchinson, 1990;  Bucknell, Gasser &
Beveridge, 1995; Silva et al., 1999). However, these studies were carried out prior
to  the  re-descriptions  of  Cylicocyclus  nassatus and  Cylicocyclus  ashworthi
(Lichtenfels et al., 1997), and due to the morphological similarities between the
two species, it is most likely that the prevalence of Cylicocyclus ashworthi had
been under-estimated in favour of Cylicocyclus nassatus. In a study performed
more recently in Scotland Cylicocyclus ashworthi was reported to  be the most
abundant species (Lichtenfels et al., 2001).17
Epidemiology
Strongyle eggs are passed with the faeces, and under good conditions they will
hatch into first stage larvae (L1) within 2-4 days. The embryonated eggs tolerate
low temperatures (even freezing), which will only delay further  development
(Uhlinger, 1991). The rate of hatching is directly proportional to the temperature
of the environment (Ogbourne, 1972).  Laboratory studies  have  shown  that  at
temperatures between 25-33°C hatching is  completed within  24  hours, whereas
below 5°C the eggs remain viable but do not no hatch (Mfitilodze & Hutchinson,
1987). The first stage larvae are susceptible to freezing temperatures as well as to
desiccation. When faecal material dries quickly the eggs hatch but the L1s do not
develop further (Ogbourne, 1972). The L1s feed on bacteria before they develop to
the second stage. The L2s are quite resistant to desiccation, but like the L1s they
die following prolonged periods of cold.
For the development of the pre-infective stages into infective L3s,  and further
survival of L3s in the faeces, temperature and moisture interact. However, unless it
is very dry, temperature is the limiting factor for development into  L3s.  Under
laboratory conditions, L3s can only be recovered from faeces  that  has  been
incubated between 10-35°C. This takes 15-24 days at the lowest temperature and 3
days at the highest (Mfitilodze &  Hutchinson,  1987).  In  Scotland,  L3s  were
recovered from herbage samples from plots  3-4 weeks after the faeces had been
deposited during May-October (Ramsey et al., 2004).
In common with many gastro-intestinal nematodes of livestock, the infective
L3s retain their L2 cuticles, which is beneficial for prolonged survival on herbage
(Urquhart et al., 1996). Thus, the L3s do not feed but live on  stored nutrients.
They survive longer in the desiccated state than under moist conditions because in
the former state the larvae are not active and hence conserve energy, whereas in the
latter  situation  higher  temperatures  stimulate  migration  from  faeces  to  the
surrounding herbage and cause a depletion of the stored energy  (Mfitilodze &
Hutchinson, 1987). It has been demonstrated that L3s  do  not  all  migrate from
faeces simultaneously; the faecal deposits act as reservoirs from which the larvae
are intermittently released (Ogbourne, 1972). The plot study in Scotland showed
that under warm conditions very few infective larvae remained in the faeces after 4
weeks (Ramsey et al., 2004).
It is well known that the L3s are capable of surviving severe cold,  especially
under a protective snow cover which somewhat stabilises the climatic variations
(Urquhart et al., 1996). Thus, the Swedish winter is not an obstacle for the L3s on
pasture; a considerable number of infective larvae deposited in August-September
may survive over the winter (Lindberg, 1976). Furthermore, it has been observed
that the vegetation on old pasture is more favourable for overwintering larvae than
is new pasture (Nilsson & Andersson, 1979). Nevertheless the overwintered larvae
do not usually constitute a major problem the  following  summer.  Studies  in
Scotland, Canada and Sweden have indicated that by late  May  and  June,  the
numbers of overwintered infective larvae on the pasture are reduced to  very low
levels due to depletion of food store and dilution with fresh grass (Duncan, 1974;18
Lindberg, 1976; Slocombe, Valenzuela &  Lake, 1987). More important are the
L3s originating from eggs passed in the current grazing season.
Figure 3 illustrates schematically the pattern of strongyle infections in  mares
and foals over the grazing season in temperate climates. A spring rise in the faecal
output of eggs is seen (Poynter, 1954;  Mirck, 1981;  Herd, 1986;  Klei,  1992).
These eggs are derived from adult parasites that developed from larvae, which were
ingested the previous year and subsequently inhibited over the winter. Often the
output of eggs culminates with a peak in  July-September, when the conditions
become optimal for development of free-living stages on pasture (Herd, Willardson
& A., 1985). In the northern USA, peak numbers of adult cyathostomins present
in the large intestine have been observed in March and September (Reinemeyer et
al., 1986).
Fig. 3. Schematic illustration of the epidemiology of strongyle infections  in mares and
foals over the grazing period in temperate climates. The x-axis shows the season and
the y-axis the levels of infective larvae (L3s) on pasture and strongyle eggs per gram of
faeces (EPG). The figure is based on Urquhart et al. (1996)  and unpublished  data from
Sweden.
The eggs develop to infective L3s that accumulate in the faeces on  pasture.
Coinciding with rainfall in late summer-early autumn,  massive increases in  the
numbers  of  L3s  in  herbage  are  typically  seen  (Duncan,  1974;  Nilsson  &
Andersson,  1979;  Mirck,  1981;  Craig,  Bowen  &  Ludwig,  1983;  Herd  &
Willardson,  1985;  Polley,  1986;  Slocombe,  Valenzuela  &  Lake,  1987).
Depending  on  the  geographic  location,  climatic  differences cause  different
transmission patterns. Thus, in central Texas the increase in larval recoveries does
not occur until October and the mares do not exhibit a spring rise in the faecal egg
output (Craig, Bowen  &  Ludwig,  1983).  In  southern  Louisiana transmission
occurs during all seasons, with the greatest numbers of L3s being present on the
pasture in the winter and the lowest numbers in the hot summer months (Baudena
et al., 2000a; Chapman, French & Klei, 2001).
It is difficult to predict pasture  infectivity  since  many  factors, for  example
























development and survival of eggs and larvae. This was obvious in a series of long-
term studies performed on nematodes of cattle in Sweden (Dimander, 2003). The
proportion of overwintering larvae differed tenfold both over the season and from
one year to the next.
Pathogenicity
Strongylus vulgaris
The pathogenic effects of adult S. vulgaris are related to the parasite’s ingestion of
mucosa plugs of the large intestine. The feeding habits of the adults result in
damage to the mucosal layer and occasionally rupture of blood vessels. Although
the effects of adults in the gut are of less significance than those caused by  the
larvae, there is no doubt that heavy infections may cause unthriftiness and anaemia
in the horse (Urquhart et al., 1996).
The pathogenic effects of S. vulgaris infection are primarily  caused by  the
migrating larval stages.  The larvae induce endoarteritis in  the mesenteric artery
and  its  branches.  This  provokes  thickening  of  the  arterial  wall,  thrombus
formation, and potential infarction and necrosis in areas of the intestine. The term
“verminous aneurysm” refers to true aneurysms with dilation and thinning of the
arterial  wall  that  may  occur  as  a  result  of  migrating  larvae.  The  clinical
significance of lesions caused by S. vulgaris larvae depends on  their magnitude
and location. Abdominal distress and colic are regarded as  the  most  common
clinical symptom. In foals, clinical  symptoms  such  as  a  rise  in  temperature,
anorexia, depression and abdominal pain have been observed within a few weeks
following experimental infection (Duncan & Pirie, 1973). Experimentally, it has
also been found that larval migration may induce extra-vascular lesions such as
eosinophilic pneumonia and eosinophilic granulomas in the epicardium and liver
(Turk & Klei, 1984). Under natural conditions, severe symptoms are rarely seen
because foals may tolerate large numbers of larvae ingested in small doses over a
long period (Urquhart, 1996). A study of natural infection of foals  on  highly
contaminated pasture showed that exposure for one month  was associated with
debility and weight loss (Thamsborg et al., 1998). Even though old  horses are
susceptible to infection with S. vulgaris, the complications of infarction and colic
are most prevalent in young horses. Generally, colic initiated by  S.  vulgaris is
more frequently seen during the winter than at other times  of the year. This  is
most likely due to the number of larvae in the arterial system, with  the highest
numbers being present during the winter months (Ogbourne, 1975b).
Cyathostominae
Historically, cyathostomins have been considered as essentially non-pathogenic,
even though parasites in the large intestinal mucosa were observed to be associated
with diarrhoea over 150 years ago (Love, Murphy & Mellor, 1999) and detailed
descriptions of the clinical manifestations of cyathostominosis were made over 50
years ago  (Velichkin,  1952).  The  pathogenic  effects of  cyathostomins  were
probably overlooked by veterinary practitioners owing to the dramatic symptoms
that were seen in horses suffering from S. vulgaris infection. However, the decline20
of S. vulgaris and the rise of anthelmintic-resistant cyathostomins over the past
decades has changed the view of the relative importance of these parasites. Today,
cyathostomins are considered to be the principal nematode pathogens of the horse
(Love, Murphy & Mellor, 1999).
Adult cyathostomins are regarded to be of minor clinical importance, although
infections with adult worms may be associated with mild diarrhoea. As  with  S.
vulgaris, the larval stages are responsible for most of the damage caused. In the
mucosa and submucosa the larvae are surrounded by a fibrous capsule, and there
may be an inflammatory reaction with eosinophils, which is usually more intense
in the submucosa (Jubb, Kennedy  &  Palmer,  1985).  Goblet  hypertrophy and
hyperplasia around the encapsulated larvae are frequently seen. Emergence of the
larvae from the gut wall into the lumen causes rupture of the muscularis mucosae
and intense eosinophilia and oedema, followed by infiltration of neutrophils and
macrophages. Heavily infected horses may carry as many as 60 larvae per square
centimetre of the large intestine mucosa (Jubb, Kennedy & Palmer, 1985).
A clinical syndrome termed larval cyathostominosis (Lichtenfels, Gibbons &
Krecek, 2002) may occur following synchronised reactivation of inhibited larvae
and subsequent mass emergence of L4s  into  the intestinal lumen.  Risk  factors
associated with the development of clinical disease include horse age, season and
recent anthelmintic treatment (Reid et al., 1995). Larval cyathostominosis is  an
acute disease that primarily affects horses younger than six years, although it may
be diagnosed in horses of all ages. The condition is  seasonal, and in  temperate
climates  it  often  occurs  in  January-May,  when  the  mucosal  larvae  resume
development after inhibition (Giles, Urquhart & Longstaffe, 1985). Thus, to some
extent it can be  compared to  type  II  ostertagiosis in  cattle  (Soulsby,  1986).
Sometimes larval cyathostominosis is seen in single individuals (Reilly, Cassidy
&  Taylor,  1993),  or  sometimes  as  outbreaks  in  groups  of  horses  (Kelly  &
Fogarty, 1993). The main clinical effect attributable to cyathostominosis is weight
loss (Love, Murphy & Mellor, 1999). Other typical clinical features are: profuse,
sudden-onset diarrhoea, which can become  chronic;  loss  of  body  condition;
weakness but normal appetite; and subcutaneous oedema of the limbs and ventral
abdomen (Paul, 1998). Death is relatively common; a mortality rate of >50% has
been  reported  (Love,  1995).  In  the  UK,  it  has  been  shown  that  larval
cyathostominosis is the commonest cause of chronic diarrhoea in horses older than
1 year (Love, Mair & Hillyer, 1992). The diagnosis is based on the history of the
affected horse and the presence of cyathostomin larvae in faeces. In addition, more
unspecific findings, such as negative or low faecal egg counts, neutrophilia,
hypoalbuminemia and hyperglobulinemia with an increase in b-globulins, support
the diagnosis.
Besides  the  classical  seasonal  syndrome,  a  variety  of  other  clinical
manifestations have been associated with  cyathostomin infection. These involve
non-specific colic (Uhlinger, 1990),  recurrent diarrhoea in  aged  ponies  (Mair,
1993), and multifocal non-strangulating infarction of the large intestine (Mair &
Pearson, 1995). Horses may also demonstrate mild or subclinical symptoms, such21
as loss of condition, weight loss and disturbed intestinal motility, possibly as a
result of a protein losing enteropathy induced by the cyathostomins (Proudman &
Matthews,  2000).  In  a  Swedish  study  of  naturally  infected  yearlings,  a
significantly lower average weight gain was observed in  a  group  of  untreated
horses compared to an ivermectin  treated group.  It  was  interpreted that  these
differences were caused by  developing  cyathostomins  (Nilsson,  Hellander &
Jerneld, 1990).
Immunity
It has long been accepted that young horses are more susceptible to  strongyle
infections than are older animals, but  the mechanisms involved in  the immune
responses are complex and not much studied. A number of observations indicate
that immunity is acquired with increasing age. High faecal egg counts and clinical
cyathostominosis are more frequently seen in young horses, i.e. those under six
years. There are also age differences in the prepatent period for cyathostomins and
the time required for reappearance of strongyle eggs in  faeces after deworming.
These features are shorter in young animals compared to older ones (Smith, 1978;
Love  &  Duncan,  1992a;  Klei  &  Chapman,  1999).  Moreover,  in  studies  of
cyathostomin burdens of naturally infected horses, increased species diversity has
been observed in foals and yearlings compared to horses older than 8 years (Klei &
Chapman, 1999).
Evidence of acquired immunity against strongyle infections  has  also  been
obtained from experimental infections. Studies on S. vulgaris showed that horses
previously exposed to infection developed a significant resistance to  re-infection
and less clinical signs than animals reared worm-free (Duncan & Pirie, 1973). A
more recent study of foals showed that previous exposure to heavily contaminated
pasture induced immunity against challenge infection with mixed strongyle L3s.
Furthermore, a second challenge of exposed individuals resulted in  expulsion of
existing nematodes (Monahan et al., 1997). This expulsion was similar to  self-
cure, a well known Th2-mediated immune reaction that is  often described from
nematode infections of sheep (Tizard, 2000).
The immune response of the host is directed against different stages of the life
cycle.  Higher  numbers  of  early  L3s  and  other  encysted  stages  have  been
demonstrated in the mucosa of  previously  exposed ponies  compared to  those
unexposed (Chapman et al., 2002). It was suggested that some host factors induce
larval inhibition in previously exposed ponies. In another study,  comparison of
cyathostomin burdens of previously exposed foals and helminth-naïve foals also
revealed higher proportions of mucosal stages in the previously exposed animals,
but they had lower total burdens (Love & Duncan, 1992b). However, compared to
adults (mean age 8.6  years), grazed foals and yearlings had higher numbers of
inhibited larvae.
Generally, gastrointestinal nematodes are coupled to  the Th2-type lymphocyte
response, which includes secretion of the following cytokines: interleukin-4 (IL-4),
IL-5, IL-6, IL-9, IL-10 and IL-13. The Th2 response involves mobilisation of22
eosinophils, intestinal  mast  cell  accumulation and  eventually IgE  production.
Thus, parasitized animals may have greatly elevated numbers of eosinophils and
IgE levels. These effectors may result in type I hypersensitivity reactions such as
urticaria, which occasionally occur in helminth  infections (Tizard, 2000). The
most common immunological feature of helminth  infections is  recruitment of
eosinophils. As mentioned previously, large numbers of eosinophils may often be
observed around the cyathostomin larvae in the gut wall. Peripheral eosinophilia is
a more variable finding in horses with strongylosis. Following experimental
infection with cyathostomin L3s of previously exposed adult ponies, eosinophil
counts rose rapidly within 10 days and remained  high  for  two  years (Smith,
1978). It was suggested that the prolonged eosinophilia was related to the presence
of inhibited larvae. In a more recent study, ponies immunised  with  radiation-
attenuated S. vulgaris L3s prior to challenge infection showed marked eosinophilia
after challenge compared to ponies immunised with crude soluble somatic extracts
of parasites and to control ponies (Monahan et al., 1994). Also a study of foals
exposed to mixed strongyle infections for one month  revealed a  substantial
increase in eosinophils in the blood after two weeks of grazing (Thamsborg et al.,
1998). However, in clinically affected horses, eosinophilia is  not  a  consistent
finding,  and  the  absence  of  eosinophilia does  not  exclude  the  diagnosis  of
strongyle infection (Uhlinger, 1991; Love, 1995). In a report of 15 clinical cases
of larval cyathostominosis, leucocytosis was frequently present but was associated
with an increase  in  neutrophils  rather  than  eosinophils  (Giles,  Urquhart  &
Longstaffe, 1985).
In conclusion, although many of the observations indicate development of
immunity with age, it is clear that acquired resistance to  strongyle infections is
incomplete. Thus, heavy worm burdens may be found in individuals of all ages,
and horses may contribute to infected pastures throughout their lives.
Diagnosis
Determining the number of strongyle eggs (Fig 4b) per gram of faeces (EPG) is
the  most  widely  used  method  for  diagnosing  infection  with  adult  strongyle
parasites. The main disadvantage of faecal egg counts is that they do not reflect the
burden of sexually immature stages – L5s and L4s in the lumen, developing L4s
and L3s in the mucosa, and inhibited L3s in  the mucosa. Therefore, faecal egg
counts  are  considered  to  be  of  little  merit  when  larval  cyathostominosis  is
suspected. Moreover, factors such as worm-density effects on  egg  production,
uneven distribution of eggs in  the faeces and faeces consistency, must  also be
recognised. However, faecal egg counts are useful for comparing the efficacy of
anthelmintic compounds, detecting drug resistance, and determining the correct
interval between anthelmintic treatments (Herd, 1992; Warnick, 1992).23
Fig. 4a) Third stage larvae (L3) from S. vulgaris (sv) and Cyathostominae  (cyath);  b)
strongyle nematode egg. (Photo: SWEPAR)
Since  it  is  not  possible  to  distinguish  strongyle  eggs  of  different  species
morphologically, faecal samples are cultured for 10-14 days at 20-25°C to allow
the development to L3s, which may be collected  by  means  of  the  Baermann
procedure (Anonymous, 1986). Based primarily on the number and shape of the
intestinal  cells  of  the  L3,  the  majority  of  the  large  strongyles  can  be
morphologically differentiated from  one  another and  from  cyathostomins,  but
different species of cyathostomins are still not distinguishable (Fig 4a). It has
recently been reported that the Baermann technique is also a successful method for
the recovery of immature cyathostomin larvae in the faeces of clinically diseased
horses (Nautrup Olsen et al., 2003).
Within the past decade, molecular approaches have been developed that enable
species identification of pre-adult stages  of  strongyle  nematodes (reviewed by
Gasser et al., 2004;  Matthews et  al.,  2004).  Recent  advances include  the
characterization of strongyle nematode ribosomal DNA sequences. The first and
second internal transcribed spacers (ITS-1 and 2) (Gasser et al., 1996) and the
intergenic spacer (IGS) (Hodgkinson et  al., 2001)  have  been  used  as  genetic
markers for species identification. From the ITS sequences, species-specific
oligonucleotide primers for some of the most  common species (S. vulgaris,  C.
catinatum, C. nassatus, C. longibursatus and C. goldi) have been designed and
used in a PCR  system,  thus  allowing species-specific amplification of parasite
DNA in eggs and larvae (Hung et al., 1999). Recently, it was reported that IGS
oligoprobes  from  six  species  (C.  ashworthi,  C.  nassatus,  C.  insigne,  C.
longibursatus,  C.  goldi, and C. catinatum) have been used in  a  PCR-ELISA
(hybridisation assay) for the detection of PCR products from L4s collected from
diarrhoeic horses (Hodgkinson et al., 2003). It was found that the samples from
the  diseased  horses  contained  at  least  two  species,  suggesting  that  larval
cyathostominosis is caused by mixed species infections. There is  an  on-going
research project where IGS oligoporbes are used to study the effect of anthelmintic
treatment at the species level (Matthews et al., 2004). Also  a microchip-based
capillary electrophoresis technology has been employed successfully for species
differentiation of closely related cyathostomins (Posedi et al., 2004).
A method for detecting mucosal larval stages would be valuable in the diagnosis
of larval cyathostominosis. Recently,  promising  results  were obtained  in  this
field, whereby studies on  immune responses to  larval somatic antigen revealed
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increases in serum IgG(T) in response to  mucosal  larvae within  the  prepatent
period (Dowdall et al., 2002). Two putative diagnostic antigen complexes were
identified, and subsequently their  specificity  was  evaluated  using  sera  from
experimentally and naturally infected horses and helminth-naïve ponies (Dowdall
et al., 2003; Dowdall et al., 2004). The results from these studies indicated the
possibility of  developing  an  immunoassay  to  be  used  in  clinical  cases  of
diarrhoea, or weight loss in horses.
Control
The goal for control of horse strongyle infections is to minimise the number of
eggs and resultant infective L3s on the grazing areas, and thereby prevent clinical
and subclinical disease. There are various approaches on how to achieve this goal,
but traditionally control has relied on regular treatment with anthelmintic drugs.
Of course, the most reliable control method would be to prevent  horses  from
grazing, but for animal welfare reasons this is not applicable in Sweden.
Initially, the  anthelmintic  control  programmes were primarily  aimed  at  the
Strongylus species, especially the pathogenic S. vulgaris. The prevalence of S.
vulgaris and colic related to this parasite has indeed decreased, but unfortunately a
widespread and intensive use of anthelmintics has led to  the selection of drug-
resistant cyathostomin populations. Based on the mode  of  action,  there  are
currently  three  main  classes  of  anthelmintic  drugs  used  against  strongyle
nematodes:  1)  the  benzimidazoles  (e.g.  thiabendazole,  oxibendazole  and
fenbendazole); 2) the tetrahydropyrimidines (pyrantel); and 3) macrocyclic lactones
(ivermectin and moxidectin). When first introduced, all of these drugs exerted high
efficacies (>90%) against adult stages of strongyle nematodes. On pre-adult stages,
however, the efficacy varies. The macrocyclic lactones are very potent against S.
vulgaris larvae (Wescott, 1986; Monahan et al., 1996), whereas unsatisfactory
efficacies have been reported for benzimidazoles and pyrantel (Duncan et al., 1977;
Eysker, Boersema & Kooyman, 1991). As regards cyathostomin pre-adult stages,
a high efficacy of ivermectin has been shown against luminal L4s, but not against
inhibited early L3s, late L3s and mucosal L4s, not even at elevated drug doses
(Eysker, Boersema &  Kooyman,  1992;  Klei et  al., 1993).  Moxidectin  is  as
efficacious as ivermectin against adults and luminal L4s, but in addition mucosal
L4s are successfully reduced by this drug (Eysker, 1997b). The inhibited early L3s
are considered to be the least anthelmintic-susceptible stages, making the strategy
of “treat and move to clean pasture” less successful for horses than for cattle and
sheep. Nevertheless,  a  controlled  dose-and-slaughter study  demonstrated  that
treatment with fenbendazole for five days was highly effective against adult worms
as well as inhibited L3s (Duncan, Bairden & Abbott, 1998). However, in a field
study on the efficacy of a five-day course of fenbendazole against benzimidazole-
resistant populations, this regime failed to  reduce  the  faecal egg  counts  to
acceptable levels (Chandler, Collins & Love, 2000). It was concluded that five-day
treatment with fenbendazole may be of therapeutic benefit but should be avoided
in prevention programmes on premises with confirmed benzimidazole resistance.25
There are different routines for anthelmintic treatment, which include: a) interval
dose systems with treatments of all horses every 6-8 weeks; b) strategic treatments
of all horses at critical points of time, based on the seasonality of development
and survival of L3 on the pasture; and c) targeted treatments of individual horses
with faecal egg counts above a certain number of eggs per gram (EPG). In the
USA, daily and  monthly  administration of  anthelmintic  drugs  has  also  been
practiced (Herd & Majewski,  1994).  With  increasing  anthelmintic  resistance
problems, it is vital to conserve the efficacy of existing compounds. There seems
to be a trend among horse parasitologists and veterinary practitioners to abandon
the older interval dosing systems in favour of targeted treatment programmes that
are designed individually for different herds (Coles et al., 2003; Sangster, 2003).
The concept is to reduce  the  number  of  treatments and  thereby the  selection
pressure for anthelmintic resistance. The EPG distribution within a herd is most
often skewed, with a majority of the individuals excreting few or no eggs. Due to
this, a change from interval treatment to  targeted ivermectin treatment has been
shown to markedly reduce the total number of anthelmintic treatments (Duncan &
Love, 1991; Krecek et al., 1994; Little et al., 2003). It has been proposed that
some horses are pre-disposed  to  parasite  infection,  and  that  these  so-called
“wormy” horses serve as a reservoir of infection for the herd. Although not  yet
confirmed by long-term field studies,  the  finding  of  significant  correlations
between paired faecal egg counts of the same individuals supports  this  theory
(Gomez & Georgi, 1991; Döpfer et al., 2004).
Egg  reappearance  period  (ERP)  is  the  term  for  the  time  interval  from
anthelmintic treatment until strongyle eggs are again detected in  the faeces. The
ERP  thus  constitutes  a  guide  for  the  establishment  of  treatment  intervals.
Generally, ERP varies from 4-12 weeks. Moxidectin has the longest suppressive
effect on strongyle egg output (Boersema, Eysker & Canderaar, 1998;  Martin-
Downum et al., 2001). However, not only the choice of anthelmintic drug affects
the variability of ERP, but also factors such as herd size, age of horses, pasture
and  management  factors,  and  climatic/seasonal  variations  (Uhlinger,  1992).
Therefore, proper timing of treatment intervals can be difficult to  determine; the
best estimate would be obtained when faecal egg counts are performed for the
grazing group.
Anthelmintic treatment represents one possibility for breaking the life cycle of
the strongyle nematodes and thus  reducing the  number  of  eggs  deposited  on
pasture.  There  are  also  other  methods  which  should  be  integrated  with
chemotherapy, especially in young horses where reduced efficacy of anthelmintic
treatments and shorter ERPs have been reported (Herd & Gabel, 1990). The value
of pasture hygiene is usually highlighted in parasite control  recommendations,
although there are associated practical obstacles. It has been shown that removal of
faeces from the pasture twice weekly provides a highly effective control,  even
superior to the use of anthelmintics (Herd, 1986).  In addition, the grazing areas
increase substantially when the defecated areas are cleaned. Twice weekly removal
of faeces ensures that strongyle L3s do not develop and migrate to the grass before
the manure is removed.  Since  it  has  been  shown  in  Scotland  that  very  few
infective larvae develop within the first week after deposition (Ramsey et  al.,26
2004), it is reasonable to believe that removal of manure once per week would be
sufficient in northern Europe. Pasture clipping and chain harrowing are procedures
frequently  practiced  in  Sweden.  However,  instead  of  killing  the  larvae  by
desiccation, which is the idea, the result of incorrect timing could be the opposite
–  an  effective  spreading  of  viable  larvae  over  the  pasture.  Other  grazing
management strategies  that  diminish  the  accumulation  of  larvae  on  pasture
include: less intensive grazing, mixed or alternate  grazing  with  sheep/cattle,
grazing on aftermath, re-seeding, and pasture burning.
Biological control with nematode-trapping fungi, which are natural predators of
nematodes, is a non-chemical approach for control of strongyle nematodes. Trials
employing the fungus Duddingtonia flagrans on cattle, sheep and pig farms have
been successful in reducing the numbers  of  infective  larvae  (Larsen,  1999).
Chlamydospores, a form of resting spores of D. flagrans, are fed to the animals,
and on pasture the infective larvae are trapped and destroyed by an adhesive three-
dimensional network of hyphae. Studies  with  horses in  Denmark demonstrated
that D. flagrans significantly reduced the number of L3s on pasture as well as the
acquired worm burden in tracer foals (Larsen et al., 1996; Fernández, 1997). Also,
evidence from field studies performed in a subtropical climate support the use of
D.  flagrans as a potential  biological  control  agent  in  equine  parasite control
programmes (Baudena et al., 2000b).
Finally, attempts have been made to  vaccinate horses orally with  irradiation-
attenuated S. vulgaris L3s for protection against this parasite. Encouraging results
were obtained in experimental studies on non-immune foals that were vaccinated
prior to challenge infections (Klei et al., 1982). In subsequent long-term studies of
vaccinated foals, duration of protection against acute verminous arteritis was seven
months (Klei et al., 1989). However, there were also indications that vaccination
would be most efficacious in combination with anthelmintic control programmes.
Although the results from these studies performed in the 1980s were promising, a
commercial S. vulgaris vaccine has not eventuated. This is  probably due to  the
diminished occurrence of the parasite in areas where macrocyclic lactones have
been used. In addition, there are practical and ethical problems  involved  in
producing large numbers of strongyle larvae in donor horses.
Anthelmintic resistance
Intensive and  widespread use  of  anthelmintic  compounds  has  resulted in  the
development of drug resistance among the parasites, which constitutes a serious
threat to effective control of parasite infections. The problem is most acute in
small ruminants, where anthelmintic resistance has  developed against  all  drug
classes. In some Southern Hemisphere countries, resistance to multiple drugs has
reached levels that make chemotherapy-dependent sheep  farming  impossible
(Chandrawathani et al., 2004). The first  finding  of  resistance against  modern
broad-spectrum anthelmintics in strongyle nematodes of horses was in 1965  –
only four years after thiabendazole had been introduced onto the market (Drudge &
Lyons, 1965). Although anthelmintic resistance has occasionally been suggested27
to occur among Strongylus species, the problems in cyathostomin  populations
have been recognised worldwide (reviewed by  French &  Klei,  1983;  Kaplan,
2002).
Definitions
Anthelmintic resistance is defined as a genetically transmitted loss of sensitivity
in worm populations that were previously sensitive to the same drug (Köhler,
2001).
Side resistance exists where the  resistance to  a  compound  is  the  result  of
selection by another compound with similar mode of action.
Reversion is a decrease in the frequency of resistant individuals in a population
following removal of the selecting agent (Prichard et al., 1980).
Mechanisms of resistance
The  mode  of  action  of  benzimidazoles,  the  first  class  of  broad  spectrum
anthelmintics, is related to their ability to bind with high affinity to helminth b-
tubulin, which, along with a-tubulin, polymerises to form microtubule structures
in  the  parasite  cells  (Martin,  Robertson  &  Bjørn,  1997).  Disruption  of
microtubule  formation inhibits  vital  functions such  as  mitosis  and  transport
within the cell. Ultimately, the benzimidazoles cause starvation of the parasite,
and they are also ovicidal. The effect of these drugs is slower than those that bind
directly to ion-channels, for example the macrocyclic lactones. Two isotypes of b-
tubulin have been identified in nematodes: isotype-I and isotype-II, which have
separate genes and several alleles. Benzimidazole resistance is  associated with  a
progressive loss of alleles of isotype-I and a total loss of isotype-II for b-tubulin in
the nematode population (Martin, 1997). This reduction in the number of isotype
alleles seems to produce a resistant phenotype, whose tubulin binds with a lower
affinity  to  the  drug.  In  the  sheep  nematodes  Haemonchus  contortus and
Teladorsagia circumcincta, benzimidazole resistance has been linked primarily to
a phenylalanine-tyrosine polymorphism at codon 200 of the isotype-I gene (Kwa,
Veenstra & Roos, 1994; Elard &  Humbert, 1999). However, more recently the
finding  of  mutations  at  other  locations  suggests  that  the  genetics  for
benzimidazole resistance is more complex, and may vary between different species
(Wolstenholme et al., 2004). In cyathostomins of the horse the mechanism for
benzimidazole resistance appears to involve more than one mutation. Codons 167
and 200 of isotype-I are considered to be of importance (Kaplan, 2002; Samson-
Himmelstjerna et al., 2002; Drögemüller et al., 2004).
The second class of drugs, the tetrahydropyrimidines, act selectively as agonists
at synaptic and extra-synaptic nicotinic acetylcholine receptors on  the surface of
nematode muscle cells, thus causing contraction and spastic  paralysis (Martin,
1997). Resistance against tetrahydropyrimidines is considered to  be  related to
alteration in the nicotinic  acetylcholine receptors, but  the  molecular basis  for28
differences between sensitive and resistant worms is still unclear (Wolstenholme et
al., 2004).
Macrocyclic lactones, the third class, act as  agonists  of  glutamate  at  the
glutamate-gated chloride channels (Köhler, 2001). This leads to an increased Cl
–
permeability followed by  hyperpolarisation of  the  muscle  cell  membrane and
paralysis. It has been suggested that the nematode pharynx is an important target
for these drugs, and that starvation is the real nematocidal effect (Sangster, 1999;
Köhler, 2001). The mechanism of resistance against macrocyclic lactones is  also
uncertain, although some hypotheses have been proposed based on observations in
ruminant trichostrongylid nematodes and the free-living nematode Caenorhabditis
elegans (Wolstenholme et al., 2004).
In conclusion, the mechanisms of anthelmintic resistance are more intricate than
was previously believed. More knowledge is required in this area if endoparasites
are to be successfully controlled by chemotherapeutics.
Selection for resistance
At maximum (100%) efficacy of a drug, no parasites survive and resistance would
not  develop.  However,  it  is  believed  that  genes  conferring resistance occur
naturally in all worm populations. Chemotherapy  removes susceptible worms,
whereas some individuals, possessing genes that code for resistance, survive and
reproduce. Short treatment intervals provide greater drug exposure and so increase
the selection rate for resistance. Over time, the frequency of heterozygous resistant
individuals decreases until homozygous resistant worms dominate, so  that  the
drug is tolerated by the majority of the worms. Thus,  in  phenotypically highly
resistant populations there are in theory close to 100% homozygous individuals.
This process is likely to be more rapid if the resistance is linked to a dominant
gene and/or if the resistance is linked to enhanced fitness. Once resistance has been
established, the population  does  not  appear to  revert to  susceptibility  in  the
absence of the selecting drug (Sangster, 1999).
There are also factors other than parasite genetics that are of importance for the
appearance of resistance. Short generation times in parasites results in  faster
accumulation of resistant alleles in the population. The generation time  in  large
strongyles is considerably longer than in  cyathostomins;  this  could  be  one
contributing factor for the absence of resistance in the large strongyles. Parasites in
so-called refugia represent the fraction that is not selected by drug treatment. They
are very important because the higher the proportion in refugia then the slower will
be the selection for resistance (Martin, Le Jambre &  Claxton,  1981;  van Wyk,
2001). In cyathostomins, treatment with, for example, pyrantel has no  effect on
mucosal larvae; hence these stages together with free-living stages on pasture are
not selected for resistance. Conversely,  treatment with  larvicidal drugs  would
result in smaller proportions of the population in refugia, and thus the selection
pressure would increase, especially if anthelmintic treatment is performed at  a
point of time when few free-living stages are present on  pasture.   Furthermore,
computer models have suggested that long-acting drugs, like moxidectin, select29
more strongly for resistance than  do  short-acting compounds  because of  their
exposure to worms at subtherapeutic doses in the drug elimination phase (Dobson,
Le Jambre & Gill, 1996).
Detection of resistance
A variety of in vivo and in vitro tests are available for the detection of anthelmintic
resistance. All of these tests are associated with certain drawbacks in terms of
sensitivity, interpretation, reliability and cost.
The controlled  test is  the  most  reliable method  for  assessing  anthelmintic
efficacy, but it is rarely used since it is related to high costs. Parasitized horses are
randomly allocated to treated and untreated groups. The drug is administered, and
after 1-2 weeks the animals are euthanised and necropsied. The efficacy of the drug
is determined by comparing the number of parasites in the treated animals with the
number in the untreated animals.
In a critical test the individual infected animals serve as their own controls.
Following drug administration, faeces is collected daily until  necropsy.  The
number of expelled parasites is counted and compared with  the total  number of
parasites, i.e. expelled worms + those remaining at necropsy.
The faecal egg  count  reduction  test  (FECRT) is  the  most  frequently used
method for detecting and monitoring the presence of anthelmintic resistance in
horse herds.  The  reduction in  faecal egg  counts  before and  10-14  days  after
anthelmintic treatment  is  calculated,  and  then  assessed  according to  certain
resistance criteria. The  World  Association for  the  Advancement of  Veterinary
Parasitology (WAAVP) has published  recommendations for  the  detection  of
anthelmintic resistance in equine nematodes (Coles et al., 1992). However, with
reference to reported studies these methods have not been adopted; numerous ways
of performing,  calculating and  interpreting the  status  of  resistance have  been
suggested. The FECRT is easy to conduct but it requires many animals  with
positive  egg  counts  –  something  that  can  be  hard  to  obtain.  Moreover,  the
sensitivity is  low;  at least 25% of the worms within  a population have to  be
resistant before it is evident by FECRT (Martin & Jarrett, 1989).
Anthelmintic resistance can also be detected by in vitro methods, of which the
egg hatch assay (EHA) is  the most  widely used. The EHA was developed for
detection of benzimidazole resistance, as this class of anthelmintics  prevents
embryonation and hatching of strongyle eggs. Eggs are incubated in  increasing
serial concentrations of anthelmintic, and by calculating the percentage of hatching
at each concentration a dose-response curve and an  EC50  value  (concentration
required to  kill  50%  of  the  eggs)  can  be  obtained.  This  method  requires
undeveloped eggs, which limits its use in routine diagnostics. As is the case with
the FECRT, the EHA only detects resistance levels above 25% (Martin & Jarrett,
1989).30
The larval development assay (LDA) is an in vitro method where the developing
larva is the site of action of the drug that is investigated. Eggs are cultured for
seven days in a microtitre plate containing serial  concentrations of  different
anthelmintics, usually from all three  drug  classes.  For  each anthelmintic,  the
percentage development of L3 larvae is  calculated for  each concentration, and
subsequently the dose-response  and  the  LC50  values  (concentration  where
development to L3 is inhibited in 50% of larvae) are determined. The advantage of
LDA  is  that  anthelmintics  with  different  modes  of  action  can  be  tested
simultaneously. The test has been successfully used in field  surveys  of  sheep
flocks (Lacey et al., 1990). However, for equine strongyles LDA appears to  be
associated with interpretation, reliability and repeatability problems (Tandon &
Kaplan, 2004).
Genetic tests detect the presence of resistance alleles in a nematode population.
The design of these tests requires knowledge on  the molecular and biochemical
mechanisms of anthelmintic resistance, but to date these are not well understood.
There are also other tests such as the larval paralysis test, motility tests, migration
tests and biochemical tests, but these have not been  frequently used  in  horse
nematodes.
The resistance situation in horse strongyles
Benzimidazole resistance in cyathostomin populations, as determined by FECRT,
is widespread throughout the world, and is likely to be present in all areas where
these drugs have been used. In a Swedish study in 1986, benzimidazole resistance
was  found  in  all  but  one  of  23  herds  examined  (Nilsson,  Lindholm  &
Christensson, 1989). These figures were in accordance with results from  other
studies performed in Europe and the USA. Ten of the most common species of
cyathostomins have been shown to be resistant (Slocombe, 1992), and it has been
suggested that  the  majority, maybe  all,  of the  cyathostomin species  include
resistant genotypes that accumulate in situations where increased selection pressure
is applied (Kaplan, 2002).
Pyrantel compounds have been used extensively against horse strongyles since
the 1970s. Still, resistance against pyrantel was not documented until 1996 in the
USA (Chapman et al., 1996). This report was followed by others from Norway,
Denmark and the southern USA (Ihler, 1995b; Craven et al., 1998; Kaplan, 2004).
The fact that resistance has been slow to develop against pyrantel could be partly
related to the proportion (0-10%) of susceptible genotypes of worms that remain in
the intestine following treatment, thus diluting resistant genotypes, if present.
The  only  class  of  anthelmintics  that  remains  efficacious  on  equine
establishments where benzimidazole and pyrantel resistance has been recognised
are the macrocyclic lactones. Despite being excessively used for 20 years, there are
still no reports of resistance to ivermectin in horse strongyles. Nevertheless, it is
still believed that resistance against the macrocyclic lactones will inevitably occur
in horse cyathostomins (Sangster, 1999). Whether a frequent use of moxidectin,
the most recently marketed  macrocyclic lactone,  could  accelerate the  selection31
process has been a topic of considerable debate and discussion (Coles et al., 2003;
Abbott et al., 2004).
Aims of the study
With increasing numbers of  performance horses  in  Sweden  and  a  widespread
benzimidazole resistance in equine strongyles, there is an obvious requirement for
knowledge  of  the  present  parasite  situation  in  Swedish  horse  herds.  This
information is vital for the development of sustainable endoparasite control  of
equines in Sweden.
The objectives of this project are:
ÿ  To investigate  the  occurrence and  distribution  of  strongyle  nematode
infected horses in relation to geographic location, type of establishment,
horse age, and herd size. A specific  objective  was  to  estimate  the
prevalence of S. vulgaris.
ÿ  To identify the cyathostomin species and estimate their prevalence and
abundance in Swedish horses.
ÿ  To determine the efficacies of three classes of anthelmintic compounds
used  in  horses  and  to  identify  anthelmintic-resistant  cyathostomin
species.
ÿ  To investigate current practices used for parasite control in different types
of horse establishments in Sweden.
Methodological considerations
Selection of farms and horses
For preference, establishments and horses should be selected randomly. However,
with the exception of study V, this was not feasible as a certain number of faecal
samples was required from each farm, and in study III and IV the samples also had
to be positive for strongyle eggs. In study IV, horses on 40 farms were sampled in
order to find 26 farms with a sufficient number of egg-positive horses. The farms
included in study III and IV were to a great extent located via local veterinarians.
The selection of the farm in study II was based on the history of restricted use of
anthelmintics and the presence of sufficient numbers of young horses. In study V,
the  respondents  were  selected  randomly  from  different  sources  representing
different types of horse managements.32
Faecal examinations
In studies I, III and IV, faecal samples were collected by the horse owners or
managers and sent in for analysis. Faecal strongyle egg counts were carried out
using a modified McMaster technique based on 3 g of faeces (Anonymous, 1986),
with a minimum detection level of 50 eggs per gram of faeces (EPG). When eggs
were observed only outside the grid of the chamber, the EPG was set to 10. To
evaluate the reliability of the faecal  egg  counts,  10  samples  in  study  I  were
analysed twice. The correlation between these analyses was 0.95. To estimate the
proportions of cyathostomin eggs, and to identify farms infected with S. vulgaris,
larval cultures were performed. Faecal samples were placed in plastic beakers with
perforated lids and then incubated at 24-25°C for 10-14 days. Third stage larvae
were then collected by means of the Baermann procedure, killed in Lugol’s
solution,  and  differentiated either  as  S.  vulgaris or  cyathostomin  species
(Thienpont, Rochette & Vanparijs, 1986). At  least 100  larvae per sample were
examined.
Worm expulsion for species identification
Studies on the prevalence and  abundance of  different cyathotomin  species are
usually  performed  post  mortem,  as  this  gives  a  complete  picture  of  the
parasitological status, including mucosal and submucosal larval stages. However,
experimental studies are costly, and horses examined at abattoirs are often old and
have diverse grazing and deworming histories. Therefore, another method was used
for the investigation of cyathostomin species (II, IV). This method was based on
the recovery and identification of worms expelled in  faeces during  three days
following anthelmintic treatment. The horses selected for study II were 1-5 years
of age and were shedding ≥200 strongyle EPG  prior to  deworming. The faeces
from each horse were collected and weighed. Following the calculation  of  the
number of cyathotomins per 100 g faeces in subsamples, the total  number  of
cyathostomins expelled was estimated by multiplying by  the  total  amount  of
faeces produced. The main expulsion of  worms  occurred during  the  first  day
following deworming with ivermectin and pyrantel, and during the second day
with fenbendazole. The  highest  proportions of  larvae were expelled from  the
ivermectin treated individuals. It was concluded that the expulsion method was
practicable and that this method could represent an alternative, or complement, to
post mortem examinations. In view of anthelmintic resistance, which has been
demonstrated for  fenbendazole and  pyrantel,  ivermectin  would  be  the  most
appropriate drug to use for this purpose.
Larval development assay (LDA)
In study III, the prevalence of anthelmintic resistance was investigated by the use
of DrenchRite
TM (Horizon Technology, Roseville, Australia), an  LDA  that  has
been  developed  and  commercialised  for  monitoring  of  resistance  in  sheep
nematodes. The original DrenchRite
TM  plate contains thiabendazole, levamisole,33
thiabendazole-levamisole combination, and  two  ivermectin  analogues.  Since
pyrantel is one of the most frequently used drugs in horses, we used a modified
assay plate where the thiabendazole-levamisole combination wells were substituted
by  pyrantel.  Unfortunately,  owing  to  technical  problems  with  the  pyrantel
formulation, the delivery of the modified plates was delayed, and the first  19
farms were tested with the original DrenchRite
TM plate. One plate was analysed for
each farm, and the test was performed essentially as described in the DrenchRite
TM
user manual (Anonymous, 1996).
Faecal egg count reduction test (FECRT)
In study IV, the prevalence of anthelmintic resistance in horse establishments was
investigated by the FECRT, which estimates the percentage reduction of faecal egg
counts following anthelmintic treatment. Treatment groups of 3-8 individuals were
used, and FECs were performed 0, 7, 14 and 21 days after deworming. Unlike the
recommendation to use arithmetic means of egg output (Coles et al., 1992), the
FECRs were calculated using geometric means according to Bjørn et al. (1991).
Compared to arithmetic means, the impact of extreme values  is  reduced in
geometric means, which  was  considered advantageous in  the  assessment  of
resistance at the farm level. The horses served as their own controls, as there were
too few egg-positive horses on some farms for the inclusion of untreated control
groups. In compliance with a suggestion that resistance criteria should be based on
original drug efficacy data (Pook et al., 2002), FECR cut-off values were set to
95% for fenbendazole and ivermectin and to 90% for pyrantel. For ivermectin and
fenbendazole, resistance was reported when the FECR was <95% and the lower
confidence limit (LC) of the reduction was <90% (Anonymous, 1989). Pyrantel
resistance was reported when the FECR was <90% and the LC <80% (Pook et al.,
2002). If only one of the criteria was met, resistance was reported as suspected.
Questionnaire
In  study  V,  parasite  control  practices used  by  Swedish  horse  owners  were
investigated. A questionnaire about anthelmintic usage and pasture management
was developed and tested on 60 horse owners in a pilot study before a  final,
revised version, including an explanatory letter,  was  posted  to  627  randomly
selected establishments. The questionnaire comprised 26 questions, of which three
were open-ended and the rest closed (for details, see paper V). To  increase the
number of respondents, a reward in the form of an informative book was sent to
respondents who had completed the questionnaire. Moreover, reminder letters were
sent to those who had not returned the questionnaire after two  and four weeks,
respectively. Respondents who had completed less than half of the questions were
excluded from the data analysis (four respondents).34
Statistical analyses
Data summaries and descriptive analyses were calculated in Excel (Microsoft
Corporation). Statistical analyses were variously performed using Super ANOVA
(Abacus  Concepts),  StatView
TM  (SAS  Institute  Inc.)  and  Stata®  (Stata
Corporation) for Macintosh (Apple Computer Inc.) and SYSTAT®, (SPSS Inc.)
for Windows. The DrenchRite
TM data were analysed in the LOGIT program to
obtain LC50 values (Dobson et al., 1987).
The Chi-square test was used to compare prevalence of strongyle infections in
study I and for comparison of results obtained for different types of establishments
in study V. Analysis of variance (ANOVA) was used to compare EPG values in
study I,  to  calculate the  influence of  anthelmintic  and  number  of  days  after
treatment on the parasite expulsion in study II, and to compare LC50  values in
study III. In studies I and III, the ANOVA calculations were made on transformed
EPG and  LC50  values,  respectively. The  Kruskal-Wallis test  was  applied  to
compare FECR data obtained on different sampling days in  study  IV.  The
Spearman rank correlation test was used for measuring a rank-order relationship
between sets of data in studies I and III. The significance level for all  statistical
tests was set to p≤0.05.
Results and discussion
The occurrence of strongyle infections of horses in Sweden
Initially in this project, the occurrence and distribution of strongyle infections in
horses were investigated in a field study based on faecal egg counts (FECs). Such
an investigation had not previously been carried out in Sweden. This nationwide
study showed that strongyle infections were highly  prevalent in  Swedish horse
herds: 78% of 1183 examined horses on 110 farms were found to shed nematode
eggs. Furthermore, some factors that  influenced  the  faecal egg  output  were
identified. Knowledge of these factors could be of value for identifying types of
establishments that would potentially run a greater risk of having problems with
strongyle nematodes.
Horse age and faecal egg output
Although there was considerable individual variation in the FECs, the average
number of eggs per gram of faeces (EPG) was found to be significantly higher in
young horses (<5 years) than in adult horses (Fig  5).  A  peak in  the faecal egg
output was seen at the age of 2-3 years. The majority of horses older than 4 years
had low EPG values – 59% shed ≤100 EPG (Fig 6). However, it is important to
note that a few (7%) of adult individuals still had >1000 EPG and, consequently,
would constitute a great contamination source on pasture.35
Fig 5. Faecal output of strongyle eggs in relation to age. A peak  output  of  EPG was
evident at the age of 2-3 years (I).
Fig. 6. Frequency  distribution  of faecal output  of strongyle  eggs in 679  horses  older
than 4 years (I).
Study I was carried out in January-March. Since the majority  (89%) of  the
horses had been treated with  non-benzimidazole anthelmintics  in  the  previous
autumn, after they had left the grazing areas, it  was assumed that the strongyle
eggs were primarily produced by adult worms, which developed from inhibited
larvae known to be refractory to anthelmintics. One possible explanation for higher
EPG values in young horses could be that young horses generally harbour greater
numbers of mucosal larval stages than do older individuals (Love  &  Duncan,
1992b;  Höglund et al., 1997).  The  development of  an  age-related immunity,
which results in lower worm burdens in old individuals compared to young, has
been  demonstrated  in  experimental  studies  using  ponies  of  different  ages
(Monahan et al., 1998). Decreased worm fecundity is another manifestation of
immunity that could explain the age differences observed in  mean EPG  values.
For example, it has been shown that immunity to Ostertagia ostertagi in calves
results in a reduction of worm fecundity (Claerebout &  Vercruysse, 2000). An
additional  reason  for  higher  EPG  values  in  young  horses could  be  that  the
anthelmintic treatments performed in the previous autumn were less effective in
young horses compared to adult animals.  This  suggestion  is  based  on  the
interactions that were found between anthelmintic treatment and horse age.
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Geographic location and faecal egg output
The field study also revealed that the mean faecal egg output differed significantly
between the south, central and north of  Sweden:  the  highest  mean  EPG  was
observed in the south and the lowest in  the north.  Climate factors and grazing
intensity were suggested to be of importance for these  regional differences. A
warmer climate in the south of Sweden results in a longer grazing season, which is
often  extended  until  late  October-November.  In  addition,  the  time  when
temperature favours development of infective larvae in  the  grass  is  obviously
longer in the south. Ingestion of high numbers of infective larvae in the autumn,
in combination with an increased degree of larval inhibition  at this  time  of the
year (Eysker, Boersema & Kooyman, 1990), probably contributed to higher mean
faecal egg counts in horses from the south. A higher grazing intensity in the south
than in the north is indicated by recent data on the officially estimated number of
horses  in  the  country,  published  by  the  Swedish  Board  of  Agriculture
(http://www.sjv.se/startsida/amnesomraden/statistikfakta; 28-Feb-2005). Based on
these data, the estimated total number of horses in Sweden is 271,000, and it can
be concluded that 50% are found on establishments in the south  of the country
(Fig 7). However, these data do not confirm that the horse density is significantly
different on the actual grazing areas in  the  different regions.  A  region-related
difference was also observed in  the level of anthelmintic resistance in  study  II
(page 39).
Fig 7a, b) Proportional  distribution  of  horses  in  three  different  regions  of  Sweden
according to data published by the Swedish Board of Agriculture  (2005);  c) Geometric
means of strongyle EPG in the same regions (I).
Farm type and faecal egg output
With reference to the results of the faecal  egg  counts  in  study  I,  stud  farms
represent the environment where problems  with  strongyle  infections are most
likely to occur. The mean EPG of horses on stud farms was significantly higher
than the EPG of horses on other types of establishments. The difference in horse
age distribution between stud farms and other types of establishments is probably
of significance for the observed differences in  the mean faecal egg output.  The








































on other types of establishments (23%).   A large  proportion  (50%) of  young
horses on stud farms was also shown in study V. Typically, on stud farms high
numbers of horses graze per unit of land. Large stud farms may accommodate up
to 200 mares and foals each for a few months during one summer season. This, in
combination with a relatively low treatment frequency (42%) of new arrivals (V),
contributes to a high infective pressure on the pastures of these establishments.
Species involved in strongyle infections
In previous studies on strongyle infections of horses in Sweden, much attention
has been paid to S. vulgaris (Tolling, 1976; Nilsson & Andersson, 1979), whereas
data about cyathostomin species has been lacking.
Strongylus vulgaris
In study I, S. vulgaris larvae were identified in larval cultures from 15 (14%) of
110  establishments.  The  overall  proportion  of  individuals  infected  with  S.
vulgaris was 4.8%, which was in  accordance with  a previous Swedish abattoir
study, where 3.6% of the horses were found to shed S. vulgaris eggs (Höglund et
al., 1997). However, in study I S. vulgaris first had to be identified in a pooled
sample from a farm before individual examinations took place, which meant that
individuals shedding low numbers of these eggs might have been overlooked. In
study IV, where larval cultures were performed on pooled samples from 26 farms,
as many as eight samples (31%) were positive for S. vulgaris. One must take into
account, though, that farms included in the latter study had been selected on the
basis of faecal egg counts; at least nine horses on each farm had ≥200 EPG.
In Sweden (Nilsson, Lindholm & Christensson, 1989), as well as in other parts
of  the  world  (Reinemeyer et al.,  1984;  Herd,  1990;  Bucknell,  Gasser  &
Beveridge,  1995),  where  modern  broad-spectrum  anthelmintics  have  been
frequently used, the prevalence of S.  vulgaris has decreased markedly since the
mid 1980s. However, although the majority of Swedish horse owners treat their
horses in late autumn with either ivermectin or pyrantel (I,V), it can be concluded
that low levels of S. vulgaris infections are still prevalent, and we need to consider
the potential presence of this species when endoparasites control recommendations
are formulated.
Cyathostominae
The data on cyathostomin species of Swedish horses is based on the identification
of worms that were expelled following anthelmintic treatment. There is one report
from Germany where a similar expulsion  technique was  used  to  estimate  the
species composition (Anderson & Hasslinger, 1982). Generally, studies on the
prevalence and abundance of cyathostomins have been carried out by  necropsy
examinations. Compared to most such studies,  not  only  the recovery technique
was different in  our  study  but  also  the  selection of  horses.  The  horses  that
participated in study II were all from the same farm, and presumably they were not
representative of the whole Swedish horse population.38
The presence of several cyathostomin species in the same individual host  was
confirmed in study II as well as in study  IV. The mean number of species per
horse was nine (II), which is in accordance with other studies (Reinemeyer et al.,
1984; Mfitilodze & Hutchinson, 1990; Gawor, 1995). Of 41 cyathostomin species
described in horses, it is well documented that less than 10 species dominate. We
found that six  species,  Cylicostephanus longibursatus,  Cylicocyclus nassatus,
Cyathostomum catinatum,  Cylicocyclus leptostomum,  Cylicostephanus minutus
and Cylicostephanus calicatus, comprised 91% of the total cyathostomin burden
(II). The same species have also  been  reported among  the  10  most  prevalent
species in other studies, performed in geographically distinct regions (Ogbourne,
1976; Reinemeyer et al., 1984; Eysker, Jansen &  Mirck, 1986;  Torbert et al.,
1986; Krecek, Reinecke &  Horak, 1989;  Bucknell, Gasser &  Beveridge, 1995;
Gawor, 1995; Silva et al., 1999).
From six genera of the tribe Cyathostominea, the following 15  species were
identified  from  27  horses  (II):  Cyathostomum  catinatum,  C.  pateratum,
Coronocyclus coronatus, C.  labiatus,  C.  labratus,  Cylicocyclus ashworthi,  C.
insigne, C. leptostomus, C. nassatus, Cylicostephanus calicatus, C. minutus, C.
longibursatus,  C.  goldi,  Petrovinema  poculatum, and  Parapoteriostomum
mettami. A few specimens of Gyalocephalus  capitatus were also recorded.
Thirteen of these cyathostomin species were also identified in study IV. In order to
retrieve large numbers of worms, 1-5 year old horses with ≥300 EPG were used in
study II, which was performed on a stud farm in the south of Sweden. Still,  5-6
species that had been recorded in some other European studies (Çirak, Hermosilla
& Bauer, 1996; Lichtenfels et al., 2001; Collobert-Laugier et al., 2002) were not
identified. The absence of these species is likely to be related to  the number of
worms that were identified per horse. An average of 132  worms per horse were
identified, and this has been found to be an insufficient sample size to accurately
estimate the species present in a population (Chapman, Kearney &  Klei,  2003).
Chapman and co-workers (2003) showed that the mean number of  species per
individual increased from  11  to  25  when  5%  aliquots  of  the  large intestine
contents were completely examined, instead of 200 worms from each animal.
Anthelmintic efficacy on strongyle nematodes
Studies I and II revealed that strongyle nematodes are common in Swedish horses,
particularly in animals younger than five years, distributed on stud farms in  the
south of the country. The fact that 99.5% of Swedish  horse  owners regularly
deworm their horses (V) reflects the reliance on anthelmintic drugs for controlling
helminth infections. The objective of studies III and IV was to  investigate the
efficacy of anthelmintics commonly used to prevent strongyle infections. In a field
study on the efficacy of various benzimidazole and non-benzimidazole compounds
in 1986, a  widespread prevalence of benzimidazole resistance was demonstrated
(Nilsson, Lindholm & Christensson, 1989). As a consequence of that study  the
use of benzimidazole compounds decreased dramatically in Sweden, and today
these compounds represent a very small percentage (< 0.5%) of anthelmintics used39
in Swedish horses (Figs 8 and 10). Since we were interested to  investigate the
possibility  of  whether  reversion  to  susceptibility  would  have  taken  place,
benzimidazole drugs were included in studies III and IV.
Fig 8. Number of anthelmintic  doses  sold  per 500  kg bodyweight  of horse in Sweden
during 1985-2003, according to Apoteksbolaget (Swedish Pharmacy Chain), the  sole
retailer  of  medical  products  in  Sweden.  Benzimidazole  resistance  was  evident  in  a
FECRT study performed in 1986 (arrow). BZ – benzimidazoles;  PYR – pyrantel;  ML –
macrocyclic lactones.
In study III,  70  horse  establishments were sampled,  and  examined for  the
presence of anthelmintic resistance by the LDA  DrenchRite
TM.  On  the  whole,
interpretation of the LDA data was problematic, owing to lack of established cut-
off values and variations in the larval development  within  and  between assay
plates. From eight farms LC50 values could not be obtained because  of  poor
development of larvae and bacterial overgrowth. Further evaluation of LDA should
optimally include reference strains with known  in  vivo susceptibility  and/or
resistance to anthelmintics. However, this is complicated owing  to  the  multi-
species nature of strongyle infections in  equines. In agreement with  Tandon &
Kaplan (2004), it was concluded that this LDA is not yet a sufficiently reliable
tool for the assessment of the resistance status in populations of cyathostomins.
Nevertheless,  some  of  the  results  may  be  discussed.  The  LC50  values
(concentration that prevents 50% of the eggs developing  to  the  L3  stage) for
thiabendazole and levamisole were generally lower than what has been reported
from other horse studies (Ihler & Bjørn, 1996; Craven et al., 1999; Pook et al.,
2002; Tandon & Kaplan, 2004), but were still slightly higher than those obtained
in a herd of feral horses that had not been treated with anthelmintics for at least 25
years (Young et al., 1999). These findings were interesting, since levamisole and
benzimidazole compounds had never been used (levamisole), or used infrequently
(benzimidazoles), in Swedish horses for more than a decade.
With  the  exception  of  pyrantel,  the  mean  LC50  values  obtained  for
anthelmintics tested by DrenchRite















































Sweden than in the north. This implies that cyathostomin  populations  in  the
south are less susceptible to anthelmintics. Unfortunately, this hypothesis was not
tested in study IV as too few of the farms selected for study IV were  in  the
northern part of the country. However, the presence of lower susceptibility in the
south is not surprising since the horse density and the  anthelmintic  treatment
intensity are higher in this region (III).
To investigate further the anthelmintic resistance situation in Sweden, a FECRT
was subsequently carried out (IV). In addition, the egg reappearance periods (ERP)
for the most frequently used drugs were determined on two farms, one located in
the south and one in the north. It is believed that a reduction in the ERP is one of
the first signs of anthelmintic resistance (Sangster, 1999). In all 26 establishments
included in study IV, the FECRT showed that ivermectin reduced the mean EPG
by >99%, irrespective of sampling day (7,  14  or 21  days after treatment). The
ERP for ivermectin was 8-10 weeks, which is comparable with results obtained on
one of these farms eight years earlier (Osterman et al., 1996; Fig 9). Thus, based
on these results, it can be concluded that the efficacy of ivermectin against
strongyle nematodes is still excellent in Sweden. The ERP  for moxidectin was
also tested on one farm; however data were not presented in the paper (Fig 9). It
was found that the ERP  for  moxidectin  was  more  than  14  weeks,  which  is
comparable to previous studies conducted in the Netherlands (Boersema, Eysker &
Canderaar, 1998) and the USA (Martin-Downum et al., 2001).
Fig 9. Egg reappearance  patterns  following  treatment  with  three  anthelmintic  drugs
commonly used in Sweden. Treatment groups  of 8-10 horses  were tested  on two farms
in 2003 (IV) and one farm in 1995.  Farm #8 was located  in the south  and farm #12  in
the north. PYR – pyrantel; IVO – ivermectin and MOX – moxidectin.
With pyrantel, the resistance situation was slightly more worrying.  In  26
establishments tested for this drug, the reduction of eggs varied from 95-100%;
but based on the criteria we used for resistance, there were nine establishments that
were assessed as suspected resistant (page 33) on at least one of the three sampling
days. Using large treatment groups, subsequent examinations of two farms clearly
showed that one farm met the criteria for pyrantel resistance for three consecutive
years. This was the first documented case of pyrantel resistance in cyathostomins
of horses in Sweden. Even if the ERP for pyrantel did not appear to be reduced
since 1995, henceforth we certainly have to  be  attentive to  the  emergence of








































have been previously reported in the USA (Chapman et al., 1996; Woods et al.,
1998; Tarigo-Martinie, Wyatt &  Kaplan, 2001;  Kaplan et al., 2004), Denmark
(Craven et al., 1998) and Norway (Ihler, 1995a). In agreement with other studies
(Chapman et al., 1996; Kaplan, 2002 and references therein),  it  appeared that
several of the most prevalent cyathostomin species were capable of developing
resistance against pyrantel and benzimidazole. In study IV, 10 and  13  species
suspected to be resistant against pyrantel and benzimidazole, respectively, were
identified.
The FECRT also showed that benzimidazole resistance is  still  widespread in
cyathostomin populations of Swedish horses. Reversion to susceptibility had not
occurred despite a very low use of these drugs for the previous 15 years. More than
70% of the establishments met the criteria for fenbendazole resistance (IV). The
mean FECR was 86%, ranging from 56-100%. Prevention of cyathostomin-related
disease by a five-day course of fenbendazole has never been adopted in  Sweden,
and  with  resistance  still  being  prevalent  it  is  not  likely  that  the  use  of
benzimidazoles against strongyles will increase.   However, since problems with
Parascaris equorum refractory to the macrocyclic lactones (Boersema, Eysker &
Nas, 2002; Hearn & Peregrine, 2003) appear to have increased in  Sweden, it  is
possible that the benzimidazole compounds will remain on the horse anthelmintic
market.
Control practices
With  increasing  numbers  of  horses  in  Sweden  and  a  heavy  reliance  on
anthelmintics, to which resistance has been documented in two  out  of the three
substance classes, it was important to scrutinise the control practices used on horse
establishments, and to recognise information sources that influence Swedish horse
owners. The last in this series of studies was a questionnaire study,  where 443
respondents out of 627 completed 26 questions on the use of anthelmintics and
pastures (V). The results from this study indicate how control practices may be
improved in terms of minimising the selection pressure for anthelmintic resistance
without jeopardising horse health.
In order to slow the spread of anthelmintic resistance, some recommendations
adapted from sheep and goat  husbandry  have  been  formulated,  namely:  (1)
minimising the number of doses, (2) slow, usually annual rotation of drug classes,
(3) correct dosing, (4) effective treatment of new individuals before introduction to
the herd, and (5) regular monitoring for resistance  (Lloyd  &  Soulsby,  1998).
Study V showed that pasture hygiene  was  generally practised infrequently on
Swedish horse establishments. Pasture clipping and/or chain harrowing were the
most common pasture procedures undertaken (36%), whereas weekly removal of
faeces was rare (6%). Moreover, only 10% of  respondents practiced mixed  or
rotational grazing strategies, which  was  less  than  reported  from  surveys  in
Denmark  (Lendal et al., 1998), England (Pascoe, Wilson & Coles, 1999) and
Ireland (O'Meara & Mulcahy, 2002). Most likely, pasture hygiene and grazing42
management practices could be used to  a greater extent on  Swedish farms, and
hence the use of anthelmintics could be reduced.
The number of treatments administered to the horses each year varied from 1-8
with an average of 3.2. Most respondents stated that they dewormed their horses
to a lesser extent in the winter, but,  remarkably, considered late autumn as the
most important time for treatment. The reason for this was thought to be the bot
fly, Gasterophilus intestinalis. Forty-one percent of the respondents had seen bot
flies within the previous two years. A previous Swedish study  of  slaughtered
horses without any clinical signs of parasitism showed that only 9.9% out of 461
horses were infected with larvae of G. intestinalis (Höglund et al., 1997). The use
of anthelmintics over the year also indicated the concern about this  parasite. An
increased use of ivermectin in the autumn compared to  pyrantel was evident in
sales data from Apoteksbolaget (Swedish Pharmacy Chain) as well as in studies I
and V (Fig 10a, b).
Fig  10a)  Proportional  distribution  of  sales  of  anthelmintics  for  horses  in  Sweden
during  2002-2003  according  to  Apoteksbolaget  (Swedish  Pharmacy  Chain);  b) the
relative use of drugs according to study V. IVO – ivermectin;  MOX – moxidectin;  PYR
– pyrantel and FBZ – fenbendazole.
Routine  treatments  with  macrocyclic  lactones  against  G.  intestinalis and
pyrantel against Anoplocephala perfoliata, the equine tapeworm, partly interfere
with the recommendation of a slow rotation between drug classes on an annual or
bi-annual basis (Lloyd & Soulsby, 1998). Approximately half of the horse owners
had used pyrantel and 1% had used praziquantel against the tapeworm, which is
highly prevalent in  Swedish horses (Nilsson et al., 1995). In view of its  low
pathogenicity, it seems sensible to exclude routine treatments against larvae of G.
intestinalis in late autumn, at least in years when pyrantel is used. Instead, the bot
fly eggs can be removed manually from the coat. Likewise, pyrantel should not be
used  against  tapeworms  in  the  years  that  macrocyclic  lactones  are  used.
Praziquantel, which does not select for resistance in cyathostomins, would then be
a better choice.
To reduce the selection pressure for resistance, there is a growing interest among
parasitologists for targeted selective anthelmintic treatments based on FECs  of
individual animals (Hoste et al., 2002). Thus, only horses with EPG values above
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(Coles et al., 2003),  although  it  will  depend  on  factors  such  as  type  of
establishment, stocking rate and time of year. So far, Swedish veterinarians and
horse owners are  not  familiar  with  this  control  strategy.  Only  1%  of  the
respondents stated that they perform FECs on a regular basis, and the majority had
never sent a faecal sample from a healthy horse for parasitological examination. It
is plausible that the main reasons for a low  frequency of FECs  are: 1) lack of
motivation, as 72% of the respondents had no personal experience of parasite-
related problems in their horses and thus considered parasites  to  be  of  minor
importance, and 2) the cost of an anthelmintic treatment is considerably lower than
the cost of a faecal examination. However, since the questionnaire also revealed
that anthelmintic resistance was considered to be an important or very important
issue, selective targeted treatments may still be introduced in the future. Based on
findings of consistency between results of paired faecal egg counts of the same
individuals (Gomez & Georgi, 1991; Döpfer et al., 2004), it has been proposed
that some, so-called “wormy”, individuals (Coles et al., 2003) serve as reservoirs
of infection for the herd. If that hypothesis is correct, it  would further motivate
selective treatments. However, no  long-term field  studies  have  confirmed the
existence of “wormy” horses. A number of horses in study I were sampled again
after six months and/or one year; however, data were not presented in  the paper
(Fig 11). Although no detailed information on  previous anthelmintic treatments
over the year was taken into consideration, Spearman rank correlations showed that
there were indeed significant correlations between the FECs obtained from the
same individuals on different sampling occasions  (p<0.0001).  The  coefficients
were 0.5-0.6, but from these figures it still appears to be difficult to predict the
EPG levels in individual horses.
Fig 11. Relationship of EPG values obtained from the same individuals on two or three




































































Applications of the results and future perspectives
In our studies, resistance against pyrantel – one of the two most commonly used
anthelmintics in horses – was documented for the first time in Sweden. It was also
demonstrated that benzimidazole resistance is  still  highly  prevalent in  Swedish
horse farms (IV). Reversion to susceptibility obviously has not occurred, although
the benzimidazole drugs have not been used in Swedish horses for 10-15 years.
Although most horse owners considered parasites a minor problem on their horse
farms (V), the presence of anthelmintic resistance against two of the three classes
of anthelmintics needs to be taken seriously.
To slow the spread of anthelmintic resistance in Swedish horse farms, it seems
both reasonable and possible to reduce the number of anthelmintic  treatments,
especially in horses older than four years, since the majority of these have very
low levels of faecal egg excretion (I). Preventive treatments with drugs should be
more  integrated  with  other  measures,  such  as  pasture  hygiene  and  grazing
management, which are currently not  commonly  employed  on  Swedish  horse
establishments (V). However, it  is  not  advisable to  reduce the  use  of  drugs
without also monitoring the  farms  by  FECs.  In  addition,  egg-positive faecal
samples should be cultured routinely for the identification of Strongylus vulgaris,
since this pathogenic parasite still occurs on many Swedish farms (I, IV). An
alteration from strategic treatments of all horses to selective targeted treatments of
egg-positive individuals would certainly result in reduced numbers of treatments.
It would be useful to study and evaluate the targeted treatment strategy  under
different management conditions. If targeted treatments were to be implemented in
the future, it would be of interest to perform thorough long-term field studies on
the existence of “wormy” individuals.
Our studies showed that LDA was not reliable for detecting resistance in horse
strongyles (III). In a long-term perspective it  is  important to  develop sensitive
methods  for  the  detection  of  anthelmintic  resistance,  in  particular  for  the
macrocyclic lactones. However, for the next few years it is likely that the FECRT
will continue to be the test of choice. In the light of the results obtained in study
IV, FECRTs of pyrantel and macrocyclic lactones should be performed regularly
to monitor the resistance status. Elsewhere it has been suggested that it would be
reasonable to monitor premises for resistance every two to  three years (Coles et
al., 2003). The ideal time of the year for monitoring of resistance remains to be
determined as it has been shown in sheep that the results of FECRTs may vary
over the year (Anderson, Martin & Jarrett, 1988). Special attention should be paid
to stud farms as it is most likely that anthelmintic resistance will emerge on this
kind of premises, where the majority of horses are young and where there is a large
turnover of horses. It has been shown that the efficacy of anthelmintic treatment is
reduced in young individuals (Herd & Gabel, 1990), which was also indicated in
study  I.  In  this  context  it  is  important  to  include  the  equine  roundworm
Parascaris equorum, which is difficult to control on many Swedish stud farms.
The magnitude of problems related to P.  equorum populations  refractory to45
anthelmintic treatment is not known, and this is an urgent matter to investigate in
finer detail.
Another important topic that was not within the scope of this thesis is  the
prevalence of clinical disease caused by strongyle infections in  Sweden.  With
reference to study I, clinical problems caused by  strongyle nematodes are most
likely to occur in young horses on  stud  farms.  It  is  well  known  that  larval
cyathostominosis is difficult to diagnose  clinically.  The  development  of  an
immunoassay for the detection of mucosal cyathostomin  larvae  would  be  a
valuable tool for proper diagnosis and treatment of horses suffering from diarrhoea
and/or weight loss caused by cyathostomin larvae.
Despite a widespread use of pyrantel and macrocyclic lactones (I, V), infections
with multiple species of strongyle nematodes are highly prevalent  in  Swedish
horses (I, II). Currently, there are no realistic alternatives that can replace the use of
anthelmintics entirely. Nevertheless, biological control systems based on the use
of the nematophagous fungus Duddingtonia  flagrans, whose  effectiveness has
been shown only  in  a few horse studies (Larsen et al., 1996;  Baudena et al.,
2000b), would be worthwhile to evaluate further, also under Swedish management
and environmental conditions. Today, one of the main problems associated with
the application of D. flagrans is the absence of a commercial product. However,
development of resistance against the macrocyclic lactones in  horse  strongyles
would certainly stress the need for alternative control methods.
It will be a challenge to develop and establish integrated control practices where
factors such as farm type, management, deworming history etc. are taken  into
consideration. The goal should be to prevent negative effects of strongyles, as well
as of P.  equorum and A.  perfoliata, and  to  slow  the  spread of  anthelmintic
resistance. According to the results of the questionnaire study,  all  categories of
horse owners take advice mainly from veterinarians. To increase the knowledge of
endoparasites and  parasite  control  in  horses,  a  closer  collaboration  between
parasitologists and veterinary practitioners is desirable.46
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